Previous studies with populations of Escherichia coli strain B, recovered from aerosols, showed that, of the biochemical changes which were shown to precede death, the most dramatic was a rapid loss of ability to maintain cellular potassium concentrations. Loss of control over potassium may cause or contribute to death in bacteria recovered from aerosols and also probably implies a loss of control over other ions and substrates. Potassium ion efflux studies with this organism have been extended here to E. coli var. communis, E. coli strain JEPP, Aerobacter aerogenes strain H, Serratia marcescens strain 8 UK and Staphylococcus epidermidis strain NCTC 729 I. After aerosolization all these organisms rapidly lost ability to retain intracellular potassium, as a consequence of damage initiated in the aerosol. Evidence for a positive correlation between survival and potassium retention was found over a limited range of conditions for most of the organisms examined. The significance of these results in relation to death processes in aerosolized bacteria is discussed.
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I N T R O D U C T I O N
Loss of ability to synthesize an inducible protein, and loss of control over phosphate and potassium ions appears to precede death in populations of Escherichia coli strain B which have been recovered from aerosols. These changes in E. coli strain B are thought to precede death because their relative extent is generally far greater than the corresponding loss of viability, and because of evidence for correlations between survival and certain of the changes. These changes are also thought to be partly reversible because populations which are substantially viable may be recovered from aerosols under certain conditions and yet have undergone a temporary disruption of normal biochemical processes (Anderson, I 966 ; Anderson & Dark, I 967). The disruption is probably not due to generalized denaturation of protein because the P-galactosidase of E. coli strain B, which is a convenient and representative protein to study, is unaffected by aerosolization (Anderson, 1966; Anderson & Crouch, 1967) . Of the metabolic changes observed in populations recovered from aerosols of E. coli strain B, a rapid loss of ability to control cellular potassium concentrations was the most dramatic consequence of aerosolization. Since loss of control over K+ could be directly or indirectly lethal and implies a general disorganization of bacterial ion and substrate transport mechanism, K+ movements merit particular attention. Studies with E. coli strain B have therefore been extended here to other strains of this organism, and to other species in order to discover whether phenomena observed with E. coli strain B are of general occurrence. Evidence for correlations was looked for between the age and relative humidity of the bacterial aerosol, the survival on recovery, and the extent of the rapid loss of potassium into the collecting fluid.
METHODS
The apparatus, materials and methods used here for the study of six organisms were similar to those already described for studies of efflux of [43K] from populations of Escherichia coli strain B (Anderson & Dark, 1967) . Therefore only a brief outline of the methods is given here.
Organisms. Cultures of Aerobacter aerogenes strain H, Escherichia coli strains B, JEPP, E. coli var. communis, Serratia rnarcescens strain 8 UK and Staphylococcus epidermidis NCTC 7291 were grown from freeze-dried stocks and maintained in a liquid meat broth medium.
Radiolabelled bacterial suspensions were prepared by re-incubation of concentrated suspensions of resting phase organisms in ' low potassium ', [43K]-labelled tryptone medium. The radio-isotope was determined with a solid crystal scintillation counter.
Determination of bacterial survival values. Total numbers of bacteria recovered from aerosols were calculated from the viable organism count and the radiotracer content of the impinger samples, and the viable and radiotracer content of unsprayed suspensions. In general, samples of unsprayed suspensions removed from the spray pot before each experiment served as a control and were given a nominal viability of IOO yo.
Suspensions of Staphylococcus epidermidis in distilled water tended to clump slightly ; material which had undergone violent agitation in the spray pot was therefore sampled at the end of each experiment, as a control. Plate counts and radio-tracer determinations were made under conditions whereby survival estimates generally had a 95% confidence belt of better than & 10% of observed values.
Apparatus for the study of bacterial aerosols, Monodisperse aerosols were generated from aqueous suspensions of bacteria by using an air-blast atomizer, then mixed with a further supply of air to give the desired relative humidity and stored in a rotating drum (Goldberg, Watkins, Boerke & Chatigny, 1958) . Samples containing about 3 x 106 organisms/ml. were collected into 'raised Porton impingers' ( Table I shows that the procedure for labelling the bacteria was satisfactory and that in all cases only a small proportion of radiotracer could be removed from the organisms by merely washing with water. Any sudden loss of ability to retain [43K] in aqueous suspension thus indicated a breakdown of normal ion control processes.
RESULTS AND DISCUSSION
Aerosols generated from washed suspensions of the different bacteria were stored at various relative humidities. At each relative humidity value bacterial samples were 
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Fig. I . summarizes the effect of relative humidity and holding time in the aerosol upon the survival of aerosolized bacteria. Aerosols of Escherichia coli strain B and of other organisms may be particularly unstable at certain narrow ranges of relative humidity values (evidence reviewed by Anderson & Cox, 1967) . The apparent absence of such zones of instability for the organisms described in Fig. I may be due to dif- ferences in cultural conditions or to the comparatively large increments of relative humidity at which survival values have been determined. In view of these uncertainties the survival patterns shown in Fig. I have not been represented as smooth curves, and may only be regarded as a rough indication of the relative stability of the organisms. JEPP were so rapid that the corresponding correlation coefficients were not significant even for the 1-2 sec. sample; at the other extreme the same correlation coefficients (0.88 each) for Serratia marcescens and Staphylococcus epidermidis were significant (I yo and 5 yo levels, respectively) even for the 30 min. sample. The proven dependance of [43K] efflux upon the age and relative humidity of the aerosol cloud shows that bacterial ion-control mechanisms were damaged as a result of changes which were initiated in the aerosol but which might, or might not, be expressed until the bacteria were recovered into aqueous media.
Since all the organisms were substantially viable when sampled from aerosols at I -2 sec. after generation, and most organisms sampled from aerosols at 30 min. suffered an almost total 'initial' loss of ["K] upon collection, a significant correlation between [4aK] retention and viability was only demonstrated over a limited range of conditions (Table 4; note the unsatisfactory significance level for Escherichia coli strain B). The partial dependence of survival upon [43K] retention confirms that survival was not absolutely dependent upon the integrity of processes which retain potassium (Anderson & Dark, 1967) . Nevertheless, failure of such processes would undoubtedly contribute to death and imply a breakdown of mechanisms for the retention of other ions and substrates in all the different organisms examined.
